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http://dxObjective: Lung cancer resection can require removal of an entire lobe and, at times, bilobectomy or pneumo-
nectomy. Many patients will also have significantly compromised lung function that requires limiting the
extent of surgery or could preclude surgery altogether. The preoperative assessment should include
predicted postoperative forced expiratory volume in 1 second (ppoFEV1), because a ppoFEV1 of<40%
predicts significantly increased perioperative morbidity. The ppoFEV1 can be estimated by multiplying the pre-
operative FEV1 by the residual perfused territory percentage, as predicted on planar perfusion scintigraphy
(PPS). However, ppoFEV1 using PPS has shown variable correlation with spirometry-measured postoperative
FEV1.
Methods: We propose an improved method for assessing regional lung perfusion in preoperative lung surgery
patients. Patients undergo single photon emission computed tomography/computed tomography (SPECT/CT)
imaging with attenuation correction using the conventional perfusion agent, technetium-99m–labeled macroag-
gregate of albumin. The CT image provides information for manual segmentation of each lobe. These segmen-
tations are applied to the SPECT images to determine lobar perfusion. This proposed method was compared
with PPS.
Results: This technique was evaluated in 17 patients. As expected, the perfusion contributions of the right and
left lungs, calculated from SPECT/CT, correlated closely with those obtained from PPS (Pearson r ¼ 0.995).
However, the lobar perfusion contributions obtained by PPS and SPECT/CT were significantly different, by 2
methods of comparison (Hotelling’s P ¼ 1.7 3 106 and P ¼ 1.7 3 104).
Conclusions: This new SPECT/CT technique provides an anatomically more accurate assessment of lobar
perfusion. This technique can refine which patients should be operative candidates and allow better prediction
of postoperative function in contrast to the anatomically inaccurate planar scintigraphic predictions, which often
underestimate the postoperative FEV1. This new technique is expected to have a significant effect on the resect-
ability of patients with lung cancer. (J Thorac Cardiovasc Surg 2014;148:2345-52)E
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SLung cancer resection with curative intent can require
removal of an entire lobe and, at times, bilobectomy or
pneumonectomy. Many surgical candidates will also
concurrently have severe emphysema1 or other pulmonary
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The Journal of Thoracic and CarFor such patients, preoperative assessment, including the
estimation of the predicted postoperative forced expiratory
volume in 1 second (ppoFEV1) is imperative,2 because a
ppoFEV1< 40% of normal (or<0.8 L) predicts signifi-
cantly increased perioperative morbidity and mortality.3,4
The ppoFEV1 can be estimated by multiplying the
preoperative FEV1 obtained using spirometry by the
predicted residual perfused territory percentage, obtained
from perfusion scintigraphy. The estimated perfusion
contribution of a lobe or an entire lung can be determined
by drawing regions-of-interest on planar (2-dimensional)
perfusion images acquired with a gamma camera after in-
jection of technetium-99m–labeled macroaggregate of al-
bumin (Tc-99m MAA). Although it can accurately
estimate the relative perfusion contributions of both whole
lungs, this technique cannot account for the obliquity of
pulmonary fissures in its regions-of-interest and, therefore,
cannot accurately assess the perfusion contribution of an in-
dividual pulmonary lobe. Even in oblique planardiovascular Surgery c Volume 148, Number 5 2345
Abbreviations and Acronyms
3D ¼ 3-dimensional
COPD ¼ chronic obstructive pulmonary
disease
CT ¼ computed tomography
FEV1 ¼ forced expiratory volume in 1
second
MAA ¼ macro-aggregated of albumin
ppoFEV1 ¼ predicted postoperative FEV1
ROIs ¼ regions-of-interest
SPECT ¼ single photon emission computed
tomography
Tc-99m MAA ¼ technetium-99m–labeled
macroaggregate of albumin
VOI ¼ volume-of-interest
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Sprojections, the fissures will often be displaced away from
their estimated positions because of severe emphysema.
The ppoFEV1 derived from planar perfusion scintigraphy
has shown fair correlation with the spirometry-measured
postoperative FEV1 in pneumonectomy patients5; however,
less is known about using perfusion scintigraphy to estimate
postlobectomy lung function. An accurate method to pre-
dict postoperative FEV1 in lobectomy would be valuable,
because the current method of segment counting has tended
to underestimate the ppoFEV1,6 which could result in
patients being erroneously excluded from surgery that
they could have tolerated from a pulmonary function
perspective.
Single photon emission computed tomography (SPECT)
has been available for several decades and can provide
tomographic images of lung perfusion from the distribution
of Tc-99m MAA. This has been applied to the estimation
of regional lung perfusion contribution7-9 but has had
problems with (1) attenuation effects, in which counts from
deeper structures will be disproportionally underestimated
compared with those from more superficial lung; and (2) an
inability to trace lobar anatomic boundaries on a SPECT
perfusion lung scan on which the pulmonary fissures are
not visible. Perfusion scintigraphy with SPECT fused to
CT, without CT-based attenuation correction,10-12 has been
described but has provided limited improvement over
planar techniques in the assessment of perfusion at the
lobar and/or segmental level. SPECT/CT systems can
provide co-registered anatomic and functional information
in a single examination and permit attenuation correction of
SPECT emission data using the CT attenuation map. This
modality offers the potential of measuring pulmonary
perfusion at the lobar or, possibly, segmental level, providing
numerous potential applications in the setting of surgical the-
rapy and radiotherapy for lung cancer. However, to date, no
study has examined this regional perfusion estimation2346 The Journal of Thoracic and Cardiovascular Surcapability using a dedicated hybrid SPECT/CT scanner. We
report an improvedmethod for assessing regional lung perfu-
sion and overcoming the limitations of the existing
techniques.
METHODS
Eligibility
The University of Washington internal review board approved the pre-
sent study. All patients who had undergone pulmonary perfusion SPECT/
CT after planar perfusion scanning with Tc-99m MAA from November
1, 2011 through June 15, 2012 were eligible for enrollment in the present
retrospective study. This included patients who had been evaluated before
lung cancer resection, lung volume reduction surgery, or the diagnosis of
pulmonary embolus. A total of 17 patients qualified for the present study.
Methods
The assessment of pulmonary perfusion was performed with planar and
SPECT/CT imaging after a standard intravenous injection of 5 mCi
(1.853 108 Bq) of Tc-99mMAA. Regional quantitation of lung perfusion
was first assessed using the traditional method by drawing 3 regions-of-
interest (ROIs) of equal size over each lung, dividing the lung into upper,
middle, and lower lung zones (Figure 1, upper). The geometric mean of
the counts in each of the 6 zones was calculated and related to the total
counts. This provided the relative perfusion contribution of each zone
and of the entire left and right lungs. This method is analogous to that
used at many clinical centers and might be attributable to a customized
postprocessing software created on the Xeleris Functional Imaging Work-
station, version 2.1753 (GE Healthcare, Little Chalfont, Buckinghamshire,
UK), rather than an evidence-based method, because no published data pre-
cedent is available for this technique. The Extended Brilliance workspace
(Philips Medical Systems, Amsterdam, The Netherlands) does contain
software that will allow quantitation of the planar data in an oblique layout.
We did not use this technique for the present study, because it is not used at
most centers. Furthermore, it requires guessing the location of the fissures,
which, in reality, will often be displaced by emphysematous changes. In
addition, even if the location of a fissure could be adequately guessed for
this modified oblique technique, it would not be possible to account for
the boundaries of a resection smaller than a lobectomy (whereas that it is
possible using our SPECT/CT-based technique, as described in the present
study). Finally, such an oblique method still relies on planar images that
have not been attenuation corrected.
Each patient subsequently underwent SPECT/CT imaging with attenu-
ation correction. The SPECT/CT scanner is a hybrid imaging system
composed of a 16-slice multidetector CT scanner merged with a dual-
head gamma camera into 1 gantry (Precedence 16, Philips Medical Sys-
tems). SPECT acquisition was performed during quiet tidal breathing
with 10-second acquisitions using both camera heads at each stop (64 stops
were performed at approximately 3 rotational increments). A spiral CT
scan was then performed without iodinated contrast injection using an
x-ray beam of 50 mAs at 120 kVp. The CT acquisition occurred during a
suspended breath expiration. The SPECT/CT images were reconstructed
using the Astonish reconstruction method (Philips Medical Systems).
Astonish is a 3-dimensional (3D), iterative image reconstruction method
that incorporates resolution recovery, scatter correction, attenuation
correction, and noise control. It uses a 3D ordered subsets expectationmaxi-
mization reconstruction engine. The parameters used for reconstruction
were 2 iterations and 16 subsets. In addition, a matched Hanning prefilter
was used with the forward and back projectors during image reconstruction.
The images were viewed on an Extended Brilliance Workspace, version
V4.5.3.40140 NM2.0 (Philips Medical Systems), with a display of
co-registered attenuation-corrected SPECT images and CT images. The
CT images were used to provide anatomic guidelines for manual segmenta-
tion of each lung (Figure 1). Using the lung window rendering of the CTgery c November 2014
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Simages, the 3D ROI feature was used to draw contours around each lobe,
every 3 slices apart. These ROIs were joined into a 3D volume-of-interest
(VOI) using an automated interpolation feature. These CT-derived VOIs
were then projected onto the co-registered attenuation-corrected SPECT
images. Within each lobar VOI, the attenuation-corrected pixel values
were summed and divided by the total attenuation-corrected pulmonary
counts (sum of all 5 lobar VOIs), yielding the relative lobar perfusion
contribution. A similar approach can be used for a planned sublobar
resection by tracing the boundaries of the planned surgery on the CT scan.
As Figure 1 illustrates, the relative perfusion of both right and left lungs
can be calculated from either the planar or the SPECT/CT images. Howev-
er, the contribution of each lobe can only be measured from the SPECT/CT
images, because the lobar anatomy can be delineated.
Statistical Analysis
The first phase of analysis consisted of demonstrating that the perfusion
contributions of the left and right lungs were similar whether calculated us-
ing the planar or SPECT/CT methods, using Pearson’s correlation
coefficient.
The second phase of analysis consisted of demonstrating that the perfu-
sion contributions by lobe, obtained using the SPECT/CT method, were
different from those achieved using the planar method. To demonstrate
this difference, we sought to account for the different methods in which
a thoracic surgeonmight use the planar perfusion information to derive pre-
dictive information about lobar perfusion. We evaluated 2 separate ap-
proaches to account for this. In the first approach (partition 1), we used a
1-to-1 assignment of each planar lung zone to a lobe. Thus, the right upper,
middle, and lower lung zones were assigned to the right upper, middle, and
lower lobes, respectively. The left upper and middle lung zones were as-
signed to the left upper lobe (inclusive of lingula) and the left lower lung
zone to the left lower lobe. In the second approach (partition 2), the left up-
per lobe was approximated by the left upper zone plus one half the counts
from the left middle zone. The left lower lobe was approximated by the left
lower zone plus one half the counts from the left middle zone. The right
lung was treated identically to the method used for partition 1.
For comparison of the SPECT/CTwith 1 of the 2 partitions of planar im-
aging, it was necessary to use compositional data analysis.13 In brief, this is
a statistical technique used for paired comparisons of data whose type is a
composition, which is a vector whose individual quantities are the propor-
tion or percentages of some whole. For example, a composition of length 5
(20%, 10%, 30%, 35%, 5%) describes the contribution of each of 5 lobes,
noting that the percentages sum to 100%. The statistical test for paired
comparison of compositions can be reduced to a multivariate analysis of
vectors of length 4, for which the Hotelling T2 test is a suitable metric
(described further by Aitchison13).
RESULTS
Our technique was validated on 17 patients. Data from
the lung perfusion percentages, obtained using both planar
and SPECT/CT methods, are listed in Table 1.
For the first phase of the analysis, the right to left lung
perfusion contributions calculated from the SPECT/CT im-
ages closely matched those obtained from the usual planar
method. A strong correlation was found between both
methods (Pearson r ¼ 0.995).
For the second phase of the analysis, a statistically signif-
icant difference was seen in the lobar perfusion contribu-
tions between the planar and SPECT/CT methods, using
both partition 1 (Hotelling’s P ¼ 1.7 3 106) and partition
2 (P¼ 1.73 104). This analysis is displayed graphically in
Figure 2, in which the concordance of the lobar perfusionThe Journal of Thoracic and Carcontributions, derived using the SPECT/CT and planar
methods, is displayed as the distance from the line of unity
(y ¼ x) on each graph.
For the illustration of the effect of different pulmonary
perfusion calculation methods, we have presented the ppo-
FEV1 for the 2 patients who were evaluated before lung
cancer resection (patients 6 and 11). For both patients, the
resection involved only the right lung; therefore, the choice
of partition method was irrelevant. The preoperative FEV1
in patient 6 was 2.41 L. For a planned resection of the right
middle and lower lobes, the calculated ppoFEV1 using the
traditional planar method was 1.72 L and, using the SPECT/
CT method, was 2.00 L. The preoperative FEV1 in patient
11 was 1.32 L. For a planned resection of the right middle
lobe, the calculated ppoFEV1 using the planar method
was 1.06 L and, using the SPECT/CT method, was 1.14
L. A statistical analysis of the ppoFEV1 values was not per-
formed because these values are directly (multiplicatively)
related to the lung perfusion percentages that were
analyzed.
DISCUSSION
To our knowledge, our study is the first to apply
attenuation-corrected SPECT/CT to lung perfusion scintig-
raphy to improve the quantification of the percentage of
lobar perfusion. Our data have demonstrated that quantifi-
cation of the relative perfusion of pulmonary lobes from
attenuation-corrected Tc-99m MAA SPECT/CT images
can be performed with minimal misregistration between
the CT and SPECT images. We validated this technique
by showing that the steps of CT-based attenuation correc-
tion and SPECT reconstruction did not cause any regional
bias across the field-of-view by proving the technique can
provide right lung to left lung perfusion estimates identical
to those obtained using the standard planar imagingmethod.
Thus, the steps of CT-based attenuation correction and
SPECT reconstruction did not cause any regional bias
across the field-of-view that could have affected relative
quantitation.
Proper registration of the CT and SPECT images is
imperative to ensure proper assignment of perfusion to the
correct anatomic location and to avoid errors in attenuation
correction. CTanatomic correlations to SPECTusing breath
held inspiration versus tidal breathing versus breath held
expiration were evaluated. In an informal evaluation, the
best alignment of SPECT to CT images was obtained with
the latter technique. We believe that explicit coaching of pa-
tients (‘‘breathe in, breathe out, and hold your breath’’)
before acquisition is vital for consistently optimized match-
ing of the CT and SPECT images. In cases in which good
matching of SPECT and CT images was not obtained, the
potential error in our technique lies in the inaccurate calcu-
lation of perfusion counts in a volume described on the CT
images. This will be compounded by additional errorsdiovascular Surgery c Volume 148, Number 5 2347
FIGURE 1. Upper, Technetium-99m–labeled macroaggregate of albumin (Tc-99 MAA) lung perfusion with planar perfusion and lower, single photon
emission computed tomography/computed tomography (SPECT/CT) with attenuation correction. In planar perfusion scintigraphy, regional quantitation
Evolving Technology/Basic Science Toney et al
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TABLE 1. Relative perfusion percentage contributions of each lung zone calculated from planar lung perfusion scintigraphy and of each lobe
calculated from SPECT/CT perfusion scintigraphy in 17 patients
Pt. no. Indication
Planar lung zones SPECT/CT lobes
Left Right Left Right
Upper Mid Lower Total Upper Mid Lower Total Upper Mid Lower Total Upper Mid Lower Total
1 LVRS 10.6 24.3 20.2 55.1 10.5 20.0 14.0 44.5 31.2 — 23.5 54.7 20.7 9.1 15.6 45.3
2 CHD 10.4 19.0 15.0 44.4 8.8 24.1 22.4 55.3 24.8 — 20.9 45.7 22.5 8.8 23.1 54.3
3 CHD 19.9 32.9 11.7 64.5 5.5 19.6 10.0 35.1 38.0 — 28.8 66.8 14.4 3.8 15.1 33.2
4 CHD 15.9 25.0 12.2 53.1 9.7 27.0 9.6 46.3 32.5 — 21.9 54.4 26.0 1.5 18.1 45.6
5 LVRS 8.8 29.9 10.7 49.4 6.0 22.3 20.9 49.2 17.5 — 35.7 53.3 12.3 11.5 23.0 46.7
6 LC 13.6 28.4 17.8 59.8 11.6 20.3 8.1 40.0 35.9 — 23.9 59.8 23.1 3.6 13.5 40.2
7 LVRS 6.0 24.0 23.0 53.0 3.0 20.0 24.0 47.0 17.3 — 35.7 53.0 13.3 6.3 27.4 47.0
8 CI 12.3 30.5 11.4 54.2 8.7 24.8 11.8 45.3 29.5 — 24.6 54.1 28.0 0.1 18.0 45.9
9 LVRS 6.4 15.4 16.2 38.0 9.9 28.3 23.8 62.0 21.6 — 14.9 36.5 25.8 16.0 21.8 63.5
10 LVRS 5.3 19.7 23.9 48.9 2.8 19.2 29.0 51.0 22.0 — 25.6 47.5 9.4 4.9 38.2 52.5
11 LC 11.8 24.7 16.0 52.5 8.1 20.0 19.0 47.1 28.0 — 23.6 51.6 22.0 13.4 13.0 48.4
12 LVRS 12.9 18.8 12.0 43.7 12.2 30.0 13.9 56.1 30.9 — 13.4 44.3 28.0 12.6 15.1 55.7
13 CI 21.0 36.9 28.3 86.2 2.6 6.3 4.4 13.3 36.4 — 51.8 88.1 2.1 5.3 4.6 11.9
14 LVRS 10.9 18.3 15.0 44.2 11.7 25.1 18.1 54.9 20.4 — 23.1 43.4 24.0 9.6 23.0 56.6
15 CI 16.4 26.5 16.1 59.0 5.1 18.8 16.8 40.7 24.0 — 34.7 58.8 1.4 9.3 30.5 41.2
16 LVRS 9.8 17.8 19.2 46.8 10.1 20.9 21.7 52.7 16.3 — 32.0 48.3 19.4 5.6 26.6 51.7
17 LVRS 13.1 22.8 6.5 42.4 15.7 31.7 10.2 57.6 35.7 — 5.4 41.1 37.9 10.8 10.2 58.9
Ave 12.1 24.4 16.2 52.7 8.4 22.3 16.3 46.9 26.6 — 25.9 53.0 19.4 7.8 19.8 47.0
SD 4.4 5.9 5.5 11.1 3.7 5.8 6.8 11.1 7.5 — 10.5 11.9 9.6 4.4 8.2 11.7
The planar lung zones were obtained by drawing 3 regions-of-interest of equal size over each lung, dividing the lung into upper, middle, and lower lung zones (Figure 1). The lobar
perfusion contributions were obtained from SPECT/CT perfusion images (see the ‘‘Methods’’ section for details). Note that the perfusion contributions of the right and left lung,
calculated by both methods, correlated closely. SPECT/CT, Single photon emission computed tomography/computed tomography; Pt. no., patient number; LVRS, lung volume
reduction surgery; CHD, congenital heart disease; LC, lung cancer; CI, chronic infectious or inflammatory condition requiring resection; SD, standard deviation.
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Sintroduced at the non–overlapping edges by erroneous
attenuation correction of the SPECT by CT images.
Other limitations in our technique stem from the operator
dependence of drawing the VOIs. The fissures will be well
seen on the CT images in sagittal projections. However,
aberrant anatomy, such as accessory fissures and/or distor-
tion or disruption of fissures by a malignant tumor or
emphysema, could lead to error in drawing the VOIs, which
could then propagate as error in estimating the lobar lung
function. However, we believe that the error derived from
this would be no greater than the potential error from
operator-dependent drawing of the 3 ROIs of equal size
over each lung in the planar images.
One final minor source of error in our calculations relates
to the Xeleris software, which processes the planar lung per-
fusions. A truncation (‘‘rounding down’’) step takes place
during the summation of the 3 zones of each lung; thus,
the left and right lung totals will not sum perfectly to 100,
rather, the sum will be, in most cases, between 99.0
and 100.0. This error was uncorrectable, because the non-
truncated data were not retrievable from the softwareof lung perfusion is assessed in the traditional method by drawing 3 regions-of-in
and lower lung zones. The SPECT/CT method provides more anatomically acc
dows to identify fissures such that 3-dimensional volumes of interest (VOIs) are
co-registered attenuation-corrected SPECT images to obtain the relative lobar
=
The Journal of Thoracic and Carprogram. It was thought to have contributed little, if any,
to the current results, because it was a small error that
should have affected the left and right lungs symmetrically.
Although harmonization of the guidelines has been lack-
ing,14-17 the preoperative assessment of suitability for lung
cancer resection, including guidelines from the American
College of Chest Physicians,15 has been guided by spiro-
metric measurement of FEV1 and the transfer factor for car-
bonmonoxide, with subtle differences in decision thresholds
across algorithms. The calculation of ppoFEV1 should be
used if FEV1 is<80% predicted and<2.0 L for pneumonec-
tomy or if the FEV1 is<1.5 L for lobectomy or the transfer
factor for carbon monoxide is<80%. If the ppoFEV1 is
>40%, the patient can be considered at average risk and
can proceed to surgery without additional workup. If the
FEV1 is>30% but<40%, the patient should undergo addi-
tional risk stratification with exercise testing. If the FEV1 is
<30%, the candidate should be considered a high surgical
risk and could be advised against surgery or undergo sublo-
bar resection after an informed decision. The European Res-
piratory Society/European Society of Thoracic Surgeryterest of equal size over each lung, thus dividing the lung into upper, middle,
urate lobar perfusion quantitation. The CT images are viewed in lung win-
drawn around each lobe. The CT-derived VOIs are then projected onto the
perfusion contribution.
diovascular Surgery c Volume 148, Number 5 2349
FIGURE 2. Concordance between single photon emission computed tomography/computed tomography (SPECT/CT) and planar-derived estimates of
lobar perfusion is displayed graphically for upper row, planar partition 1, and lower row, partition 2 for the left and right lung. LUL, Left upper lobe;
LLL, left lower lobe; RUL, right upper lobe; RML, right middle lobe; RLL, right lower lobe. Each plotted point represents, for a given patient, the comparison
of SPECT/CT and planar methods with respect to a given lobe. The discordance between these 2 methods increases as the distance away from the line of
unity (y¼ x) for each plotted point increases. Note that the 2 right graphs are identical, because the 2 planar partition methods treat the right lung identically.
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after equivocal exercise testing, which is indicated if the
FEV1 or transfer factor for carbon monoxide is<80%.
The pivotal role of ppoFEV1 in triaging patients to addi-
tional tests or excluding them from additional testing was
based on several early studies showing that perioperative
morbidity and mortality increase substantially for a ppo-
FEV1 of<40%.3,18-20 Although absolute thresholds for
ppoFEV1 have been used in determining surgical
eligibility, it is important to interpret the ppoFEV1 in the
context of (1) the degree of underlying chronic obstructive
pulmonary disease (COPD) and (2) the planned surgical
procedure, because these variables could dictate distinct
postoperative physiologies. With pneumonectomy, the
early (<3 months postoperatively) loss of lung function
has been proportionate to the contributed function of the
lung removed, followed by recovery of 61% to 66% of
the preoperative FEV1 by 6 to 12 months. With2350 The Journal of Thoracic and Cardiovascular Surlobectomy, a disproportionate early loss in lung function
occurs, followed by recovery of 81% to 95% of the
preoperative FEV1 values by 6 to 12 months.16,17,21,22 In
patients with severe heterogeneous emphysema
undergoing resection of poorly functioning lung zones, the
immediate postoperative period might result in only a
minimal decrement or even an improvement in pulmonary
function owing to the ‘‘lung volume reduction
effect.’’16,23-25,26 For these reasons, application of the
existing recommendations, and any refinement of them
using the planned procedure and degree of COPD, will
rely on an accurate assessment of the ppoFEV1.
Several approaches are possible for the calculation of the
ppoFEV1: the segment technique, radionuclide scanning
technique, and quantitative CT.21,27 The recommendations
for the preoperative workup include the use of perfusion
scintigraphy (American College of Chest Physicians, British
Thoracic Society, European Respiratory Society) forgery c November 2014
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quantitative CT for planned lobectomy.14-16 Several
investigators have agreed that ventilation scintigraphy,
perfusion scintigraphy, quantitative CT, and segment
counting perform similarly in estimating postoperative lung
function in both the long and the short term after
pneumonectomy, with good correlation to the actual
FEV1.7,8,15,24 However, at present, no guideline has
incorporated perfusion scintigraphy in planned lobectomy,
likely because until the advent of SPECT/CT, the lobar
anatomy could not be delineated using perfusion
scintigraphy. Planar scintigraphy cannot easily account for
the anatomic boundaries imposed by oblique fissures; thus,
studies of the predictive methods in lobectomy patients have
been limited. Most attempts at quantifying the accuracy of
scintigraphic ppoFEV1 estimates in lobectomy have
appeared as small studies or subanalyses of predominantly
pneumonectomy series and were performed of dated patient
populations (predominantly male and younger age) in an era
of greater surgical morbidity and mortality, using less
refined scintigraphic techniques.4,28 The need remains for a
more accurate method to evaluate the lobar perfusion
contribution to improve on existing methods. Our approach
using perfusion SPECT/CT has answered this need.
Approximately 90% of patients with lung cancer are
smokers, and 75% have COPD.29 These patients have
significant regional heterogeneity in lung function, which
postoperatively, as discussed, could result in loss of a func-
tionally insignificant volume, with minimal decrement or,
even, improvement in postoperative FEV1. Thus, the esti-
mation of the ppoFEV1 from counting the resected seg-
ments will not accurately account for the perfusion
heterogeneity. Quantitative CT, which has been used in pa-
tients with emphysema to describe the extent and distribu-
tion of COPD, can successfully identify features that will
predict a good outcome after lung volume reduction sur-
gery: (1) upper lobe predominant disease, and (2) a hetero-
geneous distribution of emphysema (vs uniformly
distributed).30-32 However, to the extent that COPD is the
conflation of 2 separate processes, emphysema and
chronic airway disease,33 quantitative CT, as an index of
emphysema, will incompletely describe the disease,
because it cannot, at present, incorporate the findings of
airway disease. Furthermore, despite providing exquisite
detail about tissue architecture, CT-based measures might
not accurately account for the most fundamental aspect of
lung function, matching ventilation and perfusion. In fact,
13-N–labeled saline positron emission tomography imag-
ing was recently used to show that lung perfusion derange-
ments can precede architectural changes on CT scans,34
underscoring the role of vascular remodeling in COPD
and pointing to the importance of functional imaging of
the vascular endpoint, perfusion.35 Therefore, quantitative
CT cannot account for regional perfusion heterogeneity asThe Journal of Thoracic and Carwell as scintigraphic perfusion methods can, because perfu-
sion imaging directly demonstrates perfusion physiology.
Our SPECT/CT-based method clearly provides improved
quantitation of the lobar perfusion contributions compared
with existing planar and SPECT methods because it (1) en-
ables one to accurately draw the lobar anatomy from CT im-
ages of the lungs, accounting for alterations in lobar size
and shape; (2) accounts for regional perfusion heterogeneity
such as commonly seen in patients with COPD; and (3)
incorporates attenuation-correction for SPECT imaging,
allowing one to assign equal weights to the perfusion values
of the deep and superficial lung zones and to account for the
alterations and heterogeneity in lung attenuation typical of
COPD.
Being able to measure the relative lobar perfusion (ie, to
provide a morphologic–functional correlation) can be ex-
pected to have a significant effect on the functional resect-
ability of patients with lung cancer who also have
concurrent severe emphysema. By accurately accounting
for the perfusion contribution of the lobe to be resected,
this SPECT/CT technique could alter the number of patients
believed to be operative candidates in contrast to the
anatomically inaccurate planar scintigraphic predictions,
which have often underestimated the postoperative FEV1.
What has not yet been accounted for nor is predictable
with SPECT/CT-based perfusion methods is the mechanical
ventilation benefit conferred to emphysematous patients
when lung cancer resection actually removes hyperinflated
lung. In such cases, removal of hyperinflated emphysema-
tous lung has been thought to allow (1) expansion of com-
pressed adjacent functional lung; and (2) a decrease in
overall lung size, resulting in improved respiratory me-
chanics. These mechanical–ventilatory benefits are similar
to those sought and expected from lung volume reduction
surgery.
The next step in our studies will involve computing the
ppoFEV1 using this improved method and comparing these
ppoFEV1 values with the actual postoperative FEV1 values
measured in patients in a variety of surgical settings,
including lobectomy.References
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